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quizofrenia crónica puede estar asociado con el tratamiento con neurolépticos. Las posibles alteraciones de las hormonas tiroideas se deben considerar en pacientes esquizofrénicos crónicos bajo tratamiento con neurolépticos.

INTRODUCTION
Schizophrenia is a severe neurodegenerative brain disorder characterized by hallucinations, delusions, disorganized thoughts and cognitive abilities. Risk factors for schizophrenia also include maternal exposure to stress, infection or immune activation, nutritional deficiencies, obstetric complications and use of cannabis (1) . Thyroid hormones (TH) are necessary for the development and maturation of the brain and are also essential for the functioning of the mature brain (2, 3) .
Many different factors influence the effects of TH in the brain: availability of iodine, thyroid disorders and dysfunction and mutations of thyroid axis-related proteins (2) . High prevalence of thyroid dysfunction in schizophrenic patients has been shown (4) . Changes in the levels of TH cause the occurrence of psychiatric disorders and affect the response to treatment (2, 3) . Thyroid hormones are important for modulation of dopaminergic, serotonergic, glutamatergic, and GABAergic networks. It has been shown that TH regulate the levels of dopamine receptors and the activity of tyrosine hydroxylase (3). Thyroid hormone receptors are localized to limbic structures acting on mood regulation (4) .
Case reports have shown that individuals with hyperthyroidism may manifest psychosis. Moreover, hypothyroid individuals can have depressive symptoms similar to the negative symptoms seen in schizophrenic patients (3) . Thyroid hormones have been extensively investigated in major depressive and bipolar disorders (4, 5) . But there are limited data on alteration of the TH in patients with schizophrenia (4) .
The aim of this study was to investigate the changes of TH levels in schizophrenic patients, and whether there is a correlation between Positive and Negative Syndrome Scale (PANNS) and TH.
SUBJECTS AND METHODS
This study was approved by the Firat University Medicine Ethics Committee (2014/03/07). This study was conducted in the Elazıg Mental Health Hospital. Sixty-three inpatients (31 males, 32 females) who were diagnosed with schizophrenia by Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR) were included in the study. All of the patients were using a variety of neuroleptic drugs. These drugs included chlorpromazine, clozapine, risperidone, haloperidol, quetiapine, olanzapine and amisulpride.
The patients using lithium, carbamazepine and phenytoin were excluded from the study. Positive and Negative Syndrome Scale is a medical scale used for measuring symptoms of patients with schizophrenia. The results of TH and medication information were collected from patients' charts.
Fifty-three patients (26 males and 27 females) who were not diagnosed with any psychiatric disorder comprised the control group. None of the controls was taking any medication or had a history of thyroid disorder.
Biochemical analysis
The serum levels of free triiodothyronine (FT3), free thyroxine (FT4) and thyroid-stimulating hormone (TSH) in patients and controls were performed by using the immunoassay analyser ADVIA Centaur XP (Siemens Diagnostics, Tarrytown, NY, USA) in the clinical laboratory of the hospital.
Statistical analyses
Statistical analyses were performed using SSPS 21 (SPSS Inc, Chicago, IL, USA). The Student's t-test was used to compare parameters among the groups. The Chi-squared test was used for categorical comparisons of nominal values in different groups. The one-way analysis of variance (ANOVA) or the Kruskal-Wallis tests, where appropriate, was used to compare parameters among the groups of schizophrenia subtypes. The correlation coefficients and their significance were calculated using the Spearman test; p ≤ 0.05 was considered statistically significant.
RESULTS
Sixty-three patients with schizophrenia were included in the study: 18 with paranoid, eight with disorganized, five with undifferentiated, 22 with residual, nine with simple schizophrenia and one individual with catatonic type. The mean age of the patients was 44.67 ± 10.38 (range 18-69 years) and 41.37 ± 8.19 (range 27-58) years in controls. The mean of the disease duration in schizophrenic patients was 15.75 ± 10.04 (range 3-40 years). No significant differences were seen between patients and controls in terms of age and gender. Free thyroxine was significantly lower in patients than healthy controls. However, no difference in FT3 and TSH levels were detected among groups (Table 1) .
When FT3, FT4 and TSH levels in subgroups of schizophrenia were evaluated, no statistically significant differences among five schizophrenia subtypes were seen (Table 2 ). There was a significant negative correlation between PANSS negative scale and levels of TSH. No correlation was determined between levels of FT3, FT4 and symptom severity of patients with schizophrenia (Table 3) . 
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DISCUSSION
In the present study, FT4 levels were significantly decreased in patients with schizophrenia compared with control, but no significant difference in TSH levels was determined among the groups. We postulate that the subclinical hypothyroidism observed in these patients may be associated with treatment with neuroleptics. Dysfunction of the thyroid is common in schizophrenic patients under antipsychotic treatment (6) . Mainly, neuroleptic medication may affect thyroid hormone metabolism (7) . Animal studies have shown that treatment with antipsychotics such as clozapine and haloperidol was related to changes in expression of nuclear receptors and genes involved in thyroid hormone function (4). Many neuroleptic medications block dopaminergic transmission and result in elevated levels of TSH (3). Several previous studies have reported that FT4 levels increased in the schizophrenic patients during the first hospitalization (1, 8) . Thyroid hormones appear to act as neuromodulators (9) . Elevated T4 levels were interpreted as 'stress-induced' in schizophrenic patients who were admitted to hospital for the first time by the authors (9, 10). The pituitary gland may be the most affected region of the brain, especially in the hypothalamic-pituitary-adrenal (HPA) axis by the hormonal stress response. Hyperactivity of HPA in schizophrenia has been defined and it has been thought to be a response to stress-induced hormonal dysregulation (11). Baumgartner et al (7) reported elevated T4 levels with normal T3, rT3 and TSH levels in patients with schizophrenia. Rises in T4 levels have emphasized the need to keep in mind whether this phenomenon is specifically related to the pathochemistry of schizophrenia (7). Radhakrishnan et al (4) showed that thyroid dysfunction was present in patients with schizophrenia spectrum disorders.
We found no association between thyroid hormones and clinical subtypes of schizophrenia. Similarly, another study reported that there was no statistically significant difference between thyroid hormone levels and clinical subtypes of schizophrenia (8) . The PANSS is an instrument used for assessing the severity of schizophrenia symptoms (12) . Positive symptoms reflect an excess or distortion of the individual's normal functioning, while negative symptoms are characterized by the absence of normal behaviour (13) . We found a very mild negative correlation between PANSS-N and levels of TSH. There was no correlation between thyroid hormones and PANSS. The positive symptoms of schizophrenia are more related to the dopaminergic-based system, and the serotonergic system is more associated with negative symptoms (14) .
Deficient serotonin function has been thought to cause some negative symptoms in schizophrenic patients (3) . In a study, TSH levels were not significantly correlated with the PANSS total scores or the duration of disease in early psychosis patients. In contrast to our findings, the level of TSH showed a positive correlation with the negative symptoms scale of the PANSS (15). Rao et al (16) observed significantly increased TSH levels in schizophrenia patients with positive, negative and cognitive symptoms when compared with control subjects. Also, the level of TSH was found to be higher in chronic patients as compared with acute patients. When the TSH levels were compared in schizophrenia patients with positive and negative symptoms, the decrease in patients with positive symptoms was found more significant.
The most important limitation of this study was that we could not take patients who were not taking any medication and also we could not analyse the dosage of the medications. The present findings suggest that neuroleptics may be responsible for hypothyroidism. Schizophrenic patients show common thyroid disorders both in the acute and chronic periods. So, this issue will continue to be the focus of attention in schzophrenic patients. Although neuroendocrine differences between the positive and negative symptoms of schizophrenia have been reported, further studies are required for detecting possible association between the severity of symptoms and thyroid hormones.
